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ERRATUM
The first paragraph on page 10 of The life histories of Etheostoma
olivaasiin and Etheoszoma striatulmn, two species of darters in centra]
Tennessee should read as follov/s:
otivccsicn in slab^pools, the preferred habitat, was found to be 4.04
individuals per m . On 30 January 1979 densities of E. olivaceum per
m^ were: in slab -pools, 8. 07; in riffles, 1.79; in bedrock pools, 1.47.
On 30 January 1979, 1.34 E. stviatul-jm per m^ were found in the slab-rock
portion (about one-fourth) of the large pool constituting the study area.

THE LIFE HISTORIES OF ETHEOSTOMA OLIVACEUM AND ETHEOSTOMA
STRIATULUM, TWO SPECIES OF DARTERS IN CENTRAL TENNESSEE
Lawrence M. Page
The subgenus Catonotus, with 10 described species, is
ecologically the best known group of darters. The in-
habitation of slab-rock environments and the reproduc-
tive behavior, in which eggs are deposited on the under-
sides of stones and then guarded until hatching by the
male, ecologically segregate Catonotus from all other
darters. Other species of darters are found in slab-rock
habitats but only certain species of Catonotus are re-
stricted (as adults') to them. The habit of inverting and
laying eggs on the undersides of stones is rare among
darters and in addition to Catonotus is known only for
the subgenus Boleosoma (known for three of the five
species in the subgenus— Atz 1940, Winn 1958a, I958fc)
and for Ethcostoma (Nothonotus) maculatum (Raney
& Lachner 1939)
.
Life-history studies on the dirty darter, Etheostoma
olivaceum, and the striated darter, Etheostoma striatu-
lum, bring to seven the number of species of the sub-
genus Catonotus for which a substantial amount of life-
history information is available. The other species are
E. flabellare (Lake 1936, Winn 1958fl, 19586, Karr
1964), E. squamiceps (Page 1974), E. kennicotti (Page
1975a), E. smithi (Page & Burr 1976), and E. har-
bouri (Flynn & Hoyt 1979)
.
E. olivaceum is limited in distribution (Fig. 1) to
tributaries of the lower Caney Fork (Cumberland River
system) and nearby small direct tributaries of the Cum-
berland River in central Tennessee (Braasch & Page
1979). Within this small area the species is abundant.
E. strialulum occurs (Fig. 1) only in the upper Duck
River system in Bedford, Marshall, and Maury counties
in central Tennessee (Page & Braasch 1977) and is gen-
erally uncommon.
I am indebted to Brooks M. Burr, Richard L. May-
den, and Michael A. Morris, all of Southern Illinois Uni-
versity at Carbondale, for aid in collecting specimens; to
Richard L. Mayden. Edward A. Lisowski, Liane B. Sulo-
way, John K. Bouseman, and Donald W. Webb, all now
or formerly of the Illinois Natural History Survey, for
assisting with laboratory analyses; and to David F. Oet-
inger, Houghton College, for identification of internal
parasites. Cover illustrations were done by Craig \\.
Ronto. Assistance in preparing other illustrations was
provided by Illinois Natural Histoiy Survey Illustrator
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STUDY AREAS AND METHODS
Brush Creek, at the town of Brush Creek in Smith
County, Tennessee (Fig. 2), is a spring-fed, direct tribu-
tary of Caney Fork and supports a large population of
E. olivaceum. Other fishes present, in approximate order
of abundance are Ethcostoma atripinne, Pimcphales
notatus, Notropis species (cf. heterolepis) , Cottus caro-
linae, N. telescopus, Fundulus catenatus, Campostoma
anomalum, Hypcntelium nigricans, Micropterus dolo-
mieui, Phoxinus erythrogaster, N. ardens, Lepomis mega-
lotis, L. cyanellus, L. macrochirus, E. flabellare, and
Ictabirus melas.
At the study area, Brush Creek averaged approxi-
mately 6 m wide and was rarely more than 50 cm deep.
The substrate was mostly bedrock. Crevices in the bed-
rock were filled with mbble and gravel and foi-med small
riffles. Slab rocks lined the margins of the stream and
formed small shallow pools. Most trees and shrubs had
been removed and grasses covered the banks. During the
study period water temperatures ranged from 8.5° to
25 "C.
Wartrace Creek, at the Route 82 bridge, 2 km east of
Bell Buckle, Bedford County, Tennessee (Fig. 2), is one
of the few known localities at which E. striatulum is
moderately common. During tlie study period the stream
averaged about 16 m in width. The depth averaged
about 30 cm and reached a maximum of 1.5 m. Water
temperatures \aried from 2° to 25 °C. The study area
included one rubble riffle; the remainder consisted of a
large pool above the riffle (Fig. 2). In the pool the sub-
strate was mostly bedrock, but large expanses of gravel
and, along the east bank, of silt were also present. Large
flat stones were scattered over an area encompassing
about one-fourth of the pool. Fishes encountered at the
site, in approximate order of abundance, were Pime-
phalcs notatus, Etiieostoma squamiceps, Notropis ardens,
E. striatulum, N. boops, Lepomis megalotis, Etheostoma
species (cf. simoterum) , E. atripinne, E. luteovinctum,
L. macrochirus, Gambusia affinis, E. caeruleum, E. fla-
Cover Illustrations.—Drawings of Etheostoma olivaceum (Top) and E. striatulum (Bottom) by Craig W. Ronto.
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bellare, L. cyanellus, Fundulus notatus, Ambloplites
ruprestris, Cottus carolinae, Micropterus dolomieui, E.
blennioides, F. catenatus, Semotilus atromaculatus, Mox-
ostoma duqiiesnei, Ictalurus natalis. and Hypentdium
nigricans.
Methods of study were the same as those used in the
study of E. squamiceps (Page 1974:4-5) except that
collections were made at about 2-month rather than
1
-month intervals; collections were recorded as having
been taken from riffles, bedrock pools, or slab pools; fin
and caudal peduncle measurements were not taken; and
functual regressions of weight on standard length were
computed following Ricker (1973). Studies were begun
at both sites on 12 December 1976 and terminated on
30 January 1979. Totals of 471 E. olivaceum and 191
E. striatulurn were preserved and examined.
HABITATS
E. olivaceum inhabits only small (1st- and 2nd-order)
streams and is not known from the mainstreams of either
Caney Fork or the Cumberland River. In Brush Creek,
youns; and adults were most common in slab-rock pools
along the margins of the stream (Fig. 2) ; occasionally,
they were found in riffles or bedrock pools.
E. striatulum inhabits small to moderate-sized
streams: most individuals found have been in 2nd-order
streams. In Wartrace Creek, most young and adults were
captured by lifting large slab stones in water 0.1-1.0 m
deep and kicking beneath the stone in the direction of
a hand-held dipnet. No E. striatulum were captured in
liffles and few were captured over open bedrock away
from slab. A few small E. striatulum were captured by
seining over gravel.
The affinities of E. olivaceum and of E. striatulum
for slab pools were discussed by Page & Schemske (1978)
.
Both species utilize slab stones as cover throughout the
year and as nesting sites during the spawning season.
REPRODUCTION
Genital papillae of both nonbreeding and breeding
E. olivaceum and E. striatulum, are essentially identical
to those illustrated for other species of Catonotus (Page
1974:6, 1975a:4; Page & Burr 1976:4).
Morphological descriptions, including those of breed-
ing males, are given for E. olivaceum by Braasch & Page
( 1979) and for E. striatulum by Page & Braasch ( 1977)
.
Females of both species undergo little (a few darken
somewhat) or no color change prior to or during the
breeding season and are essentially identical in color and
pattern to nonbreeding females.
Reproductive Cycle of the Male
In March and April males of both species selected
cavities under slab rocks and defended them as breeding
territories. E. olivaceum males transferred to a 40-galIon
aquarium in March 1977 became territorial (about 2
weeks after the transfer) and combative. Some terri-
torial males, especially when encountering other males,
were pi.gmented similar to E. squamiceps as described
and figured by Page (1974:6); i.e., the sides of the
body were white anteriorly and dark posteriorly with
black vertical bars. Other territorial males remained
mottled brown with no conspicuous pattern but with a
bold black humeral spot and bold bright eye.
In E. squamiceps, only males reaching 40 mm or
more by the end of the spawning season developed breed-
ing colors and had enlarged testes; smaller males, in-
cluding most 1 -year-olds, apparently did not spawn
(Page 1974). Similarly, E. olivaceum males less than
about 43 mm failed to have breeding colors and enlarged
testes and probably did not spawn. Observations in Brush
Creek indicated that large males held a proportion of
nests greater than their proportion in the male popula-
tion and, as in other species of Catonotus, the largest
males presumably did most of the spawning (Page 1974:
7, 1975a:5; Page & Burr 1976:5). Although in E.
squamiceps there was no indication that 1 -year-old males
spawned, many of the E. olivaceum males found guard-
ing nests were large 1 -year-olds.
All of the April-collected males of E. striatulum, in-
cluding the smallest (37 mm), had developed breeding
colors and enlarged testes and were potential spawnere.
All were 1 year old.
Reproductive Cycle of the Female
As in other darters, ova development in E. olivaceum
and in E. striatulum progressed most rapidly in the
largest females. Small white ova appeared in both species
as early as October, yellow ova as early as February, and
orange ova in March.
In E. olivaceum, the relationship between the mean
of the weight of the ovaries divided by the adjusted
body weight (Y) and the month (X), with June = 1
and April = 11, was log Y = 0.458 + 0.151 X, with r
= 0.981 (Fig. 3). The proportionally largest ovaries
(equalling 28.8 percent of the adjusted body weight)
were found in a 40-min female collected on 16 April
1978. In E. striatulum, the relationship was log Y =
0.352 + 0.103 X, with r = 0.812 (Fig. 4) . Although the
ovaries of E. striatulum females failed to average heavier
in March and April than in January and February (Fig.
4) they did contain maturing ova. The low numbers of
mature ova in some of the females (Table 1) correspond
to the low weights in March and April. The largest
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Fig. 3. — Monthly variations in ovarian weight relative to
adjusted body weight of Etheostoma olivaceum.
ovaries (26.8 percent) found in E. striatulinn were in
1-year-old, 37-mm female collected on H April 1978.
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inicropcrca (Burr & Page 1978. 1979), is apparently a
more widespread phenomenon among darters than indi-
cated in those descriptions and in Burr (1978). Why it
was not obser\ed in other studies involving mature eggs
of darters is unknown, although the indentation is visible
only on fully mature eggs and it may appear only a short
time before spawning.
Spawning
Nests of E. oUvaccum eggs were found on the under-
sides of stones, a tin can and a piece of tile in Brush
Table 1.—Relationship between size and ovary weight of
Etheostoma olivaceum and E. striatulum females and the num-
ber of mature ova produced. All females were 1 2 months old.
Standard
Length
olivaceum
37
40
41
42
42
44
44
44
45
.\d]usted
3ody Weight
in Grams"
0.72
0.87
1.06
0.99
1.03
1.10
1.27
1.30
1.31
Ovary
Weight
Grams
0.09
0.25
0.20
0.18
0.25
0.17
0.32
0.33
0.16
Number
of Mature
(Orange or
Translu-
cent) Ova
All April-collected females, including an E. olivaceum
only 36 mm and an E. striatulum only 31 mm in length,
contained mature ova and were potential spawners. In
9 ripe E. olivaceum the number of mature ova ranged
from 60 to 112, and in 10 ripe E. striatulum ranged from
19 to 108 (Table 1). For these females there was no
significant correlation between the number of mature
ova and the standard length, nor between the number
of mature ova and the adjusted body weight; for both
relationships correlation values were less than 0.42 for
both species. The highest correlation (r = 0.417) was
the relationship between the number of ova and standard
length of E. striatulum. One of the reasons suggested for
a lack of correlation between the size of the female and
number of ova in E. proeliare (Burr & Page 1978:6-7 i
was that all females examined were 1 year old and
about the same size at spawning; this is also true of the
E. olivaceum and E. striatulum females (Table 1). In
species of Catonotus for which significant correlations
were found between the size of the female and the
number of ova, there was greater variation in the size of
the females examined (Page 1974:8. 1975a:5: Page &
Burr 1976:5).
In ripe females of both species, mature ova averaged
about 1.8 mm in diameter, were translucent, had one or
more large yellow oil droplets, and were indented on one
side (Fig. 5). The indentation in the egg. previously
described only for E. proeliare, E. fonticola, and E.
0.39
0.47
0.62
0.64
0.56
0.60
0.73
0.71
0.85
1.16
0.06
0.04
0.04
0.10
0.05
0.16
0.06
0.16
0.10
0.23
" Adjusted body weight is the specimen's weight after the re-
>val of the ovaries, stomach, intestine, and liver.
Fig. 5.— Full;
Etheostoma oliva
Fig. 6.—Nests of Etheostoma olivaceum removed from Brush Creek on 2\ April 1977 and of E. strialulum removed troni War-
traee Creek on 20 April 1977. Top left: E. olivaceum male and his nest of eggs on a stone. Top right: E. olivaceum eggs en a flat-
tened and partly disintegrated metal can. Bottom left: E. olivaceum eggs on a piece of tile. Bottom right: E. strialulum male and his
nest of e.ggs on a stone. All nests were on the undersides of the objects shown when submerged.
Creek on 21 April 1977 (water temperature = 17°C)
and on 16 April 1978 (19°C). Several spawning pairs
were interrupted as stones were lifted in Brush Creek on
16 April 1978. No nests were found on 3 March 1977 (9"
C) or on 18 June 1977. The spawning period probably
extends in most years from late March into May.
Counts and estimates of the numbers of eggs in 19
nests of E. olivaceum in Brush Creek were 107, 140, 200,
250, 250, 275, 300, 350, 400, 42_0, 450, 460, 475, 581, 643,
651, 725, 1050, and 1500 (X = 486). Eggs in nests
averaged 2 mm in diameter and were round and
translucent.
Other species of Catonotus [E. squamiceps, E. ken-
nicotti, E. smithi) spawned in aquaria when transferred
from streams as ripe individuals (Page 1974:8, Page
1975a, 19756; Page & Burr 1976:6). E. olivaceum also
was transferred to aquaria but generally remained too
wary to spawn and only one spawning act was witnessed
(on 18 April 1978 at 27°C). The behavior observed
during that one spawning act appeared to be identical
to that of E. squamiceps, the closest relative of E. oli-
vaceum. The female only briefly inverted to deposit
eggs; in species of Catonotus other than E. squamiceps
and E. olivaceum the female remains inverted for the
duration of egg-laving, which mav last for hours (Page
19756).
Nests of E. striatulum eggs were found on the under-
sides of stones (Fig. 6) in Wartrace Creek on 20 April
1977 (22°C) and on 14 April 1978 (16°C) in water
10-45 cm deep. Counts and estimates of eggs in 11 nests
were 25, 25, 47, 98, 130, 180, 190, 210, 2'25, 250. and
327 (X = 155). Eggs averaged 2 mm in diameter and
were round and translucent. Because of the small samples
of E. striatulum collected, no attempt was made to trans-
port live individuals to spawning tanks. The behavior of
the closely related E. smithi was described by Page &
Burr (1976:6).
The undersides of trash items were used as nesting
sites by E. olivaceum in Brush Creek although most
nests were on stones (Fig. 6) . As in nests of other species
of Catonotus, eggs of E. olivaceum and E. striatulum
were packed closely in a concentrated area but were not
laid on top of one another (an exception to this general
rule was noted in E. neopterum— Page & Mayden
1979). In one instance, two nests of E. olivaceum were
found on one stone when lifted from the stream. The
" proximal margins of the nests were 15 cm apart and
I presumably when the stone was partially embedded in
' the stream bed the two guarding males were hidden
j
from one another. In Wartrace Creek on 20 April 1977
I and on 14 April 1978. nests of E. squarniceps were about
i three times as common as those of E. striatultim. One
, stone, measuring about 20 x 30 cm. was used simul-
taneously by E. striatulum and E. squarniceps. The
margins of the two nests were about 8 cm apart; the
I
centers of the nests were about 15 cm apart. Three nests
I
of Pimephales notatus were also found on these two
' dates on the undersides of slab stones similar to those
I
used by E. striatulum and E. squarniceps.
1 Males of E. olivaceum and of E. striatulum remain
under their nest stones after spawning and guard the
eggs until hatching.
DEVELOPMENT AND GROWTH
Nests of /:,". olivaceum eggs were liansferred from
Brush Creek to a laboratory aquarium and kept at 22°
± 3°C until hatching. E. olivacetmi hatchlings 0-22
hours-old (N = 8) averaged 6.6 mm in total length and.
with well-developed jaws and pectoral fins (Fig. 7).
were morphologically s'lnilar to other Catonotus hatch-
lings. Hatchlings were nearly translucent with few
melanophores. Fin rays were present only in the incipient
pectoral and caudal fins.
On 18 June 1977 49 young E. olivaceum ranging
from 15 to 28 mm were collected in the study area. In-
dividuals shorter than 20 mm had prominent round
spots along the midside and distinct dorsal blotches. On
those longer than 20 mm the color pattern was mottled
and essentially identical to that of the adult. On the
smallest specimen (15 mm) the lateral line was present
on only one scale, squamation was complete except on
the nape and belly, and the infraorbital canal was nearly
but not fully formed. On individuals 20 mm and longer.
the lateral line extended to at least the origin of the first
dorsal fin. squamation was complete, and the infra-
orbital canal was fully formed.
For E. olivaceum males the relationship between
standard length (Y) and age in months (X) was Y =
7.1 + 35.67 log X, with r = 0.877, and for females was
Y = 11.1 + 29.92 log X. with r = 0.829 (Fig. 8). At
12 months males averaged 48.5 mm and were signifi-
cantly {t = 4.06. df = 66) longer than females (aver-
y 35-
I
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Fig. 8.—Size distribution by age of Etkeostoma olivaceum
collected in Bru.sh Creek between 12 December 1976 and 30
January 1979. Black dots represent sample means for males:
circles represent sample means for females. A total of 471 speci-
mens is represented.
aging 41.8 mm) . One half of the first year's mean growth
was reached in about 10 weeks; this is somewhat less
time than that estimated (12-16 weeks) for other species
of Catoriotvs (Page 1974:12, 1975a:9: Page & Burr
1976:9). The largest specimen examined from Brush
Creek was a 64.8-mm male collected on 30 January
1979; the largest specimen of the species recorded is
67 mm (Braasch & Page 1979)
.
For E. striatulum males the relationship between
standard length (Y) and age in months (X) was Y —
1 1.2 + 26.32 log X, with r = 0.881, and for females was
Y = 14.6 + 20.00 log X, with r = 0.798 (Fig. 9). At
12 months, males, averaging 43.8 mm, were significantly
(/ = 4.40, df = 20) longer than females, which aver-
aged 37.0 mm. As in E. olivaceum, one half of the first
year's mean growth was reached in about 10 weeks. The
largest specimen examined from Wartrace Creek, and
the largest specimen of E. striatulum known, is a 48.7-
min inale collected on 20 April 1977.
For E. olivaceum (N = 100) the functional regres-
sion (Ricker 1973) of weight (\V) on standard length
(L) was log W = -4.142 + 2.591 log L, with r =
0.838; and for E. striatulum (N = 82) was log W =
-4.375 + 2.695 log L. with r = 0.852.
DEMOGRAPHY
Density
Density samples of E. olivaceum were taken in
Brush Creek and of E. striatulum in Wartrace Creek
by repeatedly seining an area until no more individuals
were collected. On 10 August 1977 the density of E.
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.6 20.00 LOG X (FEMALES)
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Fig. 9.—Size distribution by age of Etheostoma striatulum
collected in Wartrace Creek between 12 December 1976 and 30
January 1979. Symbols as in Fig. 8. A total of 191 specimens is
represented.
oUvaceum in slab pools, the preferred habitat, was found
to be 0.03 individuals per m^ On 30 January 1979
densities of E. oUvaceum per m^ were: in slab pools,
0.07,- in riffles, 0.02; in bedrock pools, 0.01. On 30 Janu-
ary 1979, 0.01 E. striatulum per m^ were found in the
slab-rock portion (about one-fourth) of the large pool
constituting the study area.
Composition
Of the 471 E. oUvaceum collected in Brush Creek
between 12 December 1976 and 30 January 1979, 90.0
percent were up to 1 year of age, 9.1 percent were over
1 and up to 2 years, and 0.9 percent were over 2 years
(Table 2). Sex ratios were skewed in favor of females
in the first-year class (1.7 females to 1 male; x^ = 27.51,
P< 0.005) and in the total sample (1.6 females to 1
male; x' = 28.08, P< 0.005). Females have pre-
dominated in other Catonotus populations studied, with
ratios varying from 1.2: 1 to 1.7: 1, as discussed by Page
(1974:13, 1975a: 10), Page & Burr (1976:9), and Flynn
&Hoyt (1979:134).
Of the 191 E. striatulum collected in Wartrace Creek
between 12 December 1976 and 30 January 1979, 94.8
percent were up to 1 year of age and 5.2 percent were
between 1 and 2 years of age (Table 2) . Unlike in other
species of Catonotus, the sex ratio did not deviate signifi-
cantly from 1:1.
Survival
Of the 178 E. oUvaceum males collected, 88.8 per-
cent were up to 1 year of age, 9.6 percent were over 1
and up to 2 years, and 1.7 percent were over 2 years. Of
the 293 females, 90.8 percent were up to 1 year of age,
8.9 percent were over 1 and up to 2 years, and 0.3 per-
cent were over 2 years. Only 10.8 percent of the first-year
males and 9.8 percent of the first-year females (10.1 per-
cent of the combined se.xes) survived to a second year.
Only 17.6 percent of the second-year males and 3.8 per-
cent of the second-year females (9.3 percent with sexes
combined) survived to a third year. The oldest E.
oUvaceum from Brush Creek (assuming an April hatch-
ing) was a 27-month-old male collected in July 1978.
Of the 87 E. striatulum tnales collected, 95.4 percent
were up to 1 year of age and only 4.6 percent were over
1 year. Of the 104 females collected 94.2 percent were
up to 1 year of age and 5.8 percent were over 1 year.
Assuming each age class was collected in proportion to
its relative number in the Wartrace Creek population,
only 4.8 percent of the first-year males and 6.1 percent
of the first-year females survived to a second year. The
survival to a second year for males and females combined
was 5.5 percent. Survival values for E. striatulum are
lower than those found for other species of Catonotus
(Page 1974:13-14, 1975a: 10-11; Page & Burr 1976:9)
but are similar to those for E. proeliare (Burr & Page
1978:10-11). Both E. striatulum and E. proeliare are
essentially annual fishes, with few individuals living be-
yond 1 year of age. The oldest E. striatulum from War-
trace Creek examined (assuming an April hatching)
was a 17-month-old female collected in September 1978.
Migration
E. oUvaceum and E. striatulum were found with rela-
tive ease at the study areas during every visit and no
indication of any seasonal movements up or downstream
or from one habitat to another was apparent.
Table 2.—Distribution of sexes and year classes in samples
of Etheostoma oUvaceum and E. striatulum collected between 12
December 1976 and 30 January 1979.
Sex
Table 3.—Stomach contents of Etheostoma olivaceum from Brush Creek, by size class of darter. Figures :
bers of stomachs examined.
parentheses are num-
Si
I!
So
n
o o
• lo in
lo d
CO :~~ o i^ •
en —
. O — •
di a i6 d
o o
d d
O O <
o
Table 6.—Stomach contents of Etheostoma striatulum from Wartrace Creek, by month of collection. Figures in parentheses are
numbers of stomachs examined.
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